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(54) Steering control apparatus for motor vehicle 



(57) A steering control apparatus for motor vehicles 
includes an output shaft (14) for steering a steered 
wheel, a slider (15) arranged on the outer periphery of 
an end of the output shaft to be sfidable axially linearly, 
a converting mechanism (1 6) arranged between the out- 
put shaft (14) and the slider (15) for converting linear 
motion of the slider into rotary motion which is transmit- 



ted to the output shaft, a drive mechanism (1 8) for urging 
the slider to stroke axially, and an ECU (19) for control- 
ling the drive mechanism. The slider (15) is connected 
to an input shaft (13) by guiding means which allows 
axial movement of theslider(15). Input shaft (13), output 
shaft (14), slider (15), converting mechanism (16), drive 
mechanism (18) and ECU (19) constitute a variable 
gear-ratio mechanism. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a steering con- 
trol apparatus for motor vehicles, which changes the ra- 
tio of the steering angle of a steering handle or steering 
wheel to the turning angle of a steered wheel. 
[0002] Various so-called steering control apparatus 
are proposed which comprise a variable gear-ratio 
mechanism on a steering-force transfer path between 
the steering handle and the steered wheel, wherein the 
gear ratio of the turning angle of the steered wheel, i.e. 
steering-angle ratio, is changed in accordance with the 
steering angle of the steering handle to achieve a larger 
control amount of the turning angle of the steered wheel 
at a smaller steering angle of the steering handle. One 
of the steering control apparatus is disclosed in JP-A 
10-305779 wherein the variable gear-ratio mechanism 
comprises a friction-type continuously variable trans- 
mission. 

SUMMARY OF THE INVENTION 

[0003] With the above steering control apparatus, 
however, the control range and variation of the gear ratio 
cannot be set optionally freely using the vehicle speed 
as a control parameter, leading to difficulty of achieving 
optimum control in accordance with the vehicle speed 
and vehicle type. 

[0004] It is, therefore, an object of the present inven- 
tion to provide a steering control apparatus for motor ve- 
hicle, which allows optimum control in accordance with 
the vehicle speed and vehicle type. 
[0005] The present invention provides generally a 
steering control apparatus for a motor vehicle which 
comprises an output shaft which steers a steered wheel; 
a slider arranged on an outer periphery of an end of the 
output shaft, the slider being slidable axially linearly; a 
converting mechanism arranged between the output 
shaft and the slider wherein the converting mechanism 
converts linear motion of the slider into rotary motion 
which is transmitted to the output shaft; a drive mecha- 
nism which urges the slider to stroke axially; and an 
electronic control unit (ECU) which controls the drive 
mechanism. 

[0006] A main feature of the present invention is to 
provide a steering control apparatus for a motor vehicle 
which comprises an input shaft rotated by a steering 
handle; an output shaft arranged substantially coaxial 
with the input shaft, the output shaft steering a steered 
wheel; a slider arranged on an outer periphery of an end 
of the output shaft on the side of the input shaft and at 
an end of the input shaft on the side of the output shaft, 
the slider being slidable axially linearly; a converting 
mechanism arranged between the output shaft and the 
slider, wherein the converting mechanism converts lin- 
ear motion of the slider into rotary motion which is trans- 



mitted to the output shaft; a drive mechanism which urg- 
es the slider to stroke axially; and an electronic control 
unit (ECU) which controls the drive mechanism. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

[0007] The other objects and features of the present 
invention will become apparent from the following de- 
scription with reference to the accompanying drawings, 
io wherein: 

[0008] FIG. 1 is a block diagram of a first embodiment 
of a steering control apparatus according to the present 
invention; 

[0009] FIG. 2 is a longitudinal section showing an in- 
*5 put shaft; 

[0010] FIG. 3 is a front view showing an output shaft; 
[0011] FIG. 4 is a perspective view showing a slider; 
[0012] FIG. 5 is a longitudinal section for explaining 
operation of the first embodiment; 

20 [0013] FIG. 6 is a view similar to FIG. 5, for explaining 
operation of the first embodiment; 
[0014] FIG. 7 is a graphical representation illustrating 
the characteristics of the steering angle of a steering 
handle vs. the turning angle of a steered wheel; 

25 [0015] FIG. 8 is a fragmentary longitudinal section 
showing a second embodiment of the present invention; 
[0016] FIG. 9 is a view similar to FIG. 6, showing a 
third embodiment of the present invention; 
[0017] FIG. 10 is a partly cutaway perspective view 

30 showing a converting mechanism; 

[0018] FIG. 11 is an exploded, partly cutaway per- 
spective view showing an adjusting mechanism; and 
[0019] FIG. 12 is a fragmentary longitudinal section 
for explaining operation of the adjusting mechanism. 

35 

DETAILED DESCRIPTION OF THE INVENTION 

[0020] Referring to the drawings, a steering control 
apparatus for a motor vehicle embodying the present 

40 invention will be described. 

[0021] FIG. 1 shows a first embodiment of the present 
invention wherein the steering control apparatus com- 
prises a cylindrical steering column 11, an upper shaft 
1 2 arranged through the steering column 1 1 from an end 

45 thereof, a cylindrical input shaft 1 3 accommodated in the 
steering column 11, an output shaft 14 having one end 
14a arranged through the input shaft 13, a cylindrical 
slider 1 5 axially slidably arranged at the outer periphery 
of the output shaft 14, a converting mechanism 16 ar- 

50 ranged between the slider 1 5 and the output shaft 1 4 for 
converting linear motion of the slider 1 5 into rotary mo- 
tion to transfer it to the output shaft 14, a drive mecha- 
nism 18 arranged in a casing 17 connected to the tip of 
the steering column 1 1 for urging the slider 1 5 to stroke, 

55 and an electronic control unit (ECU) 19 for controlling 
operation of the drive mechanism 18. These input shaft 
1 3, output shaft 1 4, slider 1 5, converting mechanism 16, 
drive mechanism 18, and ECU 19 constitute a variable 
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gear-ratio mechanism. 

[0022] The casing 1 7 comprises a main body 1 7a hav- 
ing an inner space and a cover 1 7b fixed to an open end 
of the main body 1 7a by a bolt 20. 
[0023] The upper shaft 1 2 has an outer end protruding 
from an end of the steering column 1 1 , to which a steer- 
ing handle or steering wheel 1 0 is connected. Moreover, 
the upper shaft 12 is rotatably supported by a bearing 
21 arranged in the end of the steering column 11 . 
[0024] Referring to FIGS. 1-2, the input shaft 13 has 
one end 13a press-fit into the tip of the upper shaft 12 
and a spline-like guide groove 22 formed on the entire 
inner peripheral face to extend axially from the one end 
13a to the center. Another end 13b is rotatably support- 
ed by the cover 17b of the casing 17 through a bearing 
23. 

[0025] Referring to FIGS. 1 and 3, the output shaft 14 
has one end 14a arranged rotatably with respect to the 
input shaft 13 through a bearing 24 arranged between 
the output shaft 14 and the one end 13a of the input 
shaft 1 3, and another end 1 4b arranged through the cas- 
ing 1 7 and coupled to a rack/pinion mechanism or trans- 
mission mechanism, not illustrated, connected to a 
steered wheel. 

[0026] As shown in FIG. 1, the slider 15 has an inner 
peripheral face disposed on an outer peripheral face of 
the output shaft 14 through a slight clearance to allow 
its axial movement. Moreover, referring to FIG. 4, the 
slider 15 has a guide protrusion 26 formed axially on the 
outer peripheral face of the one end 15a arranged 
through the steering column 11 , the guide protrusion 26 
being engaged with the guide groove 22 of the input 
shaft 1 3 to allow axial movement of the slider. The slider 
1 5 also has an external thread 28 formed at another end 
15b arranged through the casing 17 to be meshed with 
a nut 27, and an annular protrusion 29 integrally formed 
with the outer peripheral face to cooperate with the nut 
27 for supporting one end of a slider arm 36 as will be 
described later. 

[0027] Referring to FIGS. 1 and 3-4, the converting 
mechanism 16 comprises a plurality of ball holding holes 

31 formed through the slider 1 5 substantially in the cent- 
er to hold balls 30 in a rolling way, and a ball-screw 
groove 32 formed substantially in the center of the outer 
peripheral face of the output shaft 14. The balls 30 are 
held in a rolling way between the bottom of the ball screw 

32 and the inner peripheral face of the input shaft 13. 
[0028] Each ball holding holes 31 is formed through 
a circumferential wall of the slider 15, and has the inner 
diameter slightly larger than the diameter of the ball 30 
to allow rolling of the ball 30. Six sets of ball holding 
holes 31 are arranged circumferentially in being shifted 
axially, wherein each set of two holes are disposed in 
parallel. 

[0029] The ball-screw groove 32 is formed spirally, 
has a width to allow free rolling of the balls 30 therein. 
[0030] As shown in FIG. 1, the drive mechanism 18 
comprises a DC motor 33 mounted to the outer wall of 



the casing 17, a speed reducer 34 arranged in the cas- 
ing 17 for reducing the rotating speed of the motor 33, 
a lead screw shaft 35 or rotation shaft rotated by the 
speed reducer 34, and a slider arm 36 interposed be- 
5 tween the lead screw shaft 35 and the slider 1 5 for trans- 
mitting as linear motion torque of the lead screw shaft 
35 to the slider 15. 

[0031 ] The motor 33 is mounted to the outside face of 
the cover 17b through a bracket 37 to be adjacent and 

10 in parallel to the steering column 11. The motor 33 is 
controlled to rotate in the normal and reverse directions 
by control current provided from the ECU 19. 
[0032] The speed reducer 34 is rotatably supported 
between the casing 1 7a and the cover 1 7b by bearings 

15 38, 39, and comprises a pinion gear 40 axially coupled 
to the motor 33 and a helical gear 41 meshed with the 
pinion gear 40. The helical gear 41 has a fixing hole 
formed in the center, with which an end of the lead screw 
shaft 35 is engaged by a key member, etc., not illustrat- 

20 ed. 

[0033] The lead screw shaft 35 has both ends rotata- 
bly supported by a pair of bearings 42, 43 arranged in- 
side the casing main body 1 7a and in the cover 1 7b, and 
an external thread 44 formed on the outer peripheral 

25 face thereof. 

[0034] The slider arm 36 is shaped roughly like a letter 
8, and has one end 36a having inner peripheral face 
formed with an internal thread 45 to be meshed with the 
external thread 44 of the lead screw shaft 3, and another 

30 end 36b rotatably coupled to the another end 1 5b of the 
slider 15 through right and left bearings 47, 46. Axial 
movement of the another end 36b is restricted by inner 
races of the bearings 46, 47 being supported in the 
pressed state by the annular protrusion 29 of the slider 

35 15 and the nut 27. 

[0035] A coil spring 48 is loaded between the another 
end 36b of the slider arm 36 and the cover 1 7b to provide 
a spring force for pressing the slider arm leftward as 
viewed in FIG. 1 , thus eliminating clearances between 
the balls 30, the ball holding holes 31 , and the ball-screw 
groove 32 for prevention of backlash. 
[0036] The ECU 19 receives not only actual vehicle- 
speed information signals through a microcomputer 49 
for checking the engine operating conditions in accord- 

^5 ance with information signals derived from various sen- 
sors, but also information signals derived from a steer- 
ing-angle sensor 50 of the upper shaft 1 2 and a turning- 
angle sensor 51 of the output shaft 14. In accordance 
with these input signals, the microcomputer 52 or control 

50 circuit performs computing to provide control current to 
the motor 33. 

[0037] The following explains concrete operation of 
the first embodiment. When failing to actuate the varia- 
ble gear-ratio mechanism, for example, in the high- 
55 speed area of the vehicle, the slider arm 36 is held at a 
substantially intermediate position in the longitudinal di- 
rection as viewed in FIG. 1 by the motor 33. With this, 
the slider 15 is also held at the intermediate position 
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without stroke. As a result, when turning the steering 
handle 10 rightward or leftward, the steering effort is 
transmitted from the upper shaft 12 to the output shaft 
14 through the input shaft 13, slider 15, and balls 30, 
which is in turn transmitted to the steered wheel through 5 
the rack/pinion mechanism without producing the differ- 
ence in rotation angle between the input and output. 
[0038] When actuating the variable gear-ratio mech- 
anism, i.e. when turning the steering handle 10 maxi- 
mally in one direction, for example, in the low-speed/ 
medium-speed area of the vehicle, operation is as fol- 
lows. If the motor 33 is rotated, for example, in the nor- 
mal direction by control current derived from the ECU 
19 which has detected the vehicle speed and steering 
angle, the lead screw shaft 35 is rotated in one direction 
by the speed reducer 34 to move the slider arm 36 right- 
ward, i.e. from the position shown in FIG. 1 to that shown 
in from FIG. 5 through the external and internal threads 
44, 45. Therefore, the slider 15 strokes linearly in the 
same direction to press the balls 30 rightward by means 
of an edge of the ball holding holes 31 . This makes the 
balls 30 stroke in rotating, which provides torque of a 
given speed to the output shaft in the ball-screw groove 
32 along the spiral shape thereof. With this, the output 
shaft 14 is rotated in one direction at a greater variation 
than a change in steering or rotation angle of the steer- 
ing handle 1 0 to turn the steered wheel at a larger turn- 
ing angle through the rack/pinion mechanism. 
[0039] On the other hand, when maximally turning the 
steering handle 10 from the neutral position, i.e. position 
shown in FIG. 1 or the rightmost position, i.e. position 
shown in FIG. 5 to another position, operation is as fol- 
lows. If the motor 33 is rotated, for example, in the re- 
verse direction by control current derived from the ECU 
19 which has detected the vehicle speed and steering 
angle, the lead screw shaft 35 is rotated in another di- 
rection by the speed reducer 34 to move the slider arm 
36 leftward, i.e. from the position shown in FIG. 1 or 5 
to that shown in FIG. 6 through the external and internal 
threads 44, 45. Therefore, the slider 15 strokes linearly 
in the same direction to press the balls 30 leftward by 
means of an edge of the ball holding holes 31 . This 
makes the balls 30 stroke in rotating, which provides 
torque of a given speed to the output shaft 1 4 in the ball- 
screw groove 32. With this, the output shaft 14 is rotated 
in another direction at a greater variation than a change 
in steering angle of the steering handle 10 to turn the 
steered wheel at a larger turning angle through the rack/ 
pinion mechanism. 

[0040] Referring to FIG. 7, in the first embodiment 
wherein the steering control apparatus has the peculiar 
structure as described above, the steered wheel can 
have turning angle of & within the range of the steering 
angle of the steering handle 10 up to G t and within the 
practical steering range from low-speed/medium-speed 
area to high-speed area. Moreover, the characteristics 
can be varied linearly, steplessly, and continuously. Spe- 
cifically, in the low-speed/medium-speed area, as 



6 

shown by solid line A in FIG. 7, when operating the steer- 
ing handle 1 0 from the neutral position to the position of 
steering angle of 6 1f the characteristics change linearly 
to achieve the turning angle of 9' of the steered wheel. 
On the other hand, in the high-speed area, as shown by 
solid line B in FIG. 7, when operating the steering handle 
10 from the neutral position to the position of steering 
angle of 6 1f the characteristics change linearly to 
achieve the turning angle of the steered wheel of about 
1/3 0'. Within the range between solid lines A and B, i. 
e. range given by arrow in FIG. 7, the stepless and con- 
tinuous characteristics can be obtained. 
[0041] In the first embodiment, therefore, the steering 
angle of the steering handle 10 in the low-speed/medi- 
um-speed area of the vehicle can be attained by one 
rotation with respect to the apparatus with no variable 
gear-ratio mechanism wherein three rotations are need- 
ed for maximum rightward or leftward turning as shown 
by broken line B in FIG. 7. 

[0042] Specifically, the characteristics given by bro- 
ken line B in FIG. 7 show fixed control of the steering 
angle and turning angle by the apparatus with no varia- 
ble gear-ratio mechanism, wherein when turning the 
steering handle 10 from the neutral position maximally 
rightward or leftward, i.e. to the position of 0, the turning 
angle of the steered wheel becomes &. On the other 
hand, in the illustrative embodiment, as described 
above, the steering angle of the steering handle 10 can 
be attained by one rotation in the low-speed/medium- 
speed area, which allows achievement of a larger turn- 
ing angle by less rotating operation, resulting in excel- 
lent steering capability and enhanced safety. 
[0043] The steering angle of the steering handle 1 0 is 
not limited to e 1 , and can freely be set within the range 
up to 6 such as 6 2 , 8 3 and 6 4 , and the turning angle of 
the steered wheel can freely be set accordingly. This al- 
lows free setting of the gear ratio by actuating the con- 
verting mechanism 16 in accordance with a variation in 
steering angle of the steering handle 10 and vehicle 
speed, resulting in improved turning of the steering han- 
dle 1 0 by decreasing the gear ratio when garaging the 
vehicle, etc. 

[0044] Moreover, free setting of the gear ratio on the 
side of the steering column 1 1 allows adoption of steer- 
ing gears with a single gear ratio, resulting in decreased 
number of part types. 

[0045] Particularly, using the vehicle speed as a con- 
trol parameter, the control range and variation of the var- 
iable gear ratio can be set optionally freely, allowing op- 
timum control in accordance with the vehicle speed and 
vehicle type. 

[0046] In the illustrative embodiment, the characteris- 
tics of the variable gear ratio is set to be linear, leading 
to improved steering feel of the steering handle 10 and 
thus enhanced driveability. 

[0047] Moreover, due to large degree of freedom of 
variable gear-ratio control as mentioned above, the 
characteristics of the steering angle of the steering han- 
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die 1 0 vs. the turning angle of the steered wheel can be 
set non-linearly Instead of being set linearly as de- 
scribed above. 

[0048] Further, some parts of the variable gear-ratio 
mechanism such as slider 15 and converting mecha- 
nism 1 6 are arranged In the steering column 1 1 . leading 
to a reduction in size of the apparatus and thus no need 
of changing layout in the engine room and floor struc- 
ture. This results in possible application of the apparatus 
not only to various vehicle types, but also to hydraulic 
or electric power steering. 

[0049] Still further, stroke motion of the slider 15 can 
directly rotate the output shaft 14 only without transfer- 
ring torque to the input shaft 13, resulting in possible 
application of the apparatus, for example, to an auto- 
matic steering apparatus, an active steering apparatus, 
etc. 

[0050] Furthermore, the converting mechanism 1 6 in- 
cludes a cylindrical slider mechanism which can convert 
linear motion into rotary motion, resulting in a reduction 
in the offset amount with respect to the center of the ro- 
tation shaft. Thus, the effect of a moment of inertia on a 
steering force can nearly be neglected. Since the con- 
verting mechanism 1 6 is in the form of a cylindrical slider 
mechanism which can convert linear motion into rotary 
motion, the eccentricity with respect to the center of ro- 
tation is eliminated, resulting no occurrence of a varia- 
tion in steering torque. 

[0051] Furthermore, as being fixed to a non-rotating 
portion through an arm with bearing, the motor 33 of the 
converting mechanism 16 does not rotate together with 
the rotation shaft, resulting in no effect on a steering ef- 
fort. 

[0052] Further, since the converting mechanism 1 6 in- 
cludes a ball-screw mechanism, rotation of the balls 30 
allows sufficient reduction in frictional resistance be- 
tween the slider 1 5 and the output shaft 1 4, resulting in 
stable and smooth operation. 

[0053] FIG. 8 shows a second embodiment of the 
present invention which is substantially the same in 
structure as the first embodiment except that the con- 
verting mechanism 16 includes an involute-helical- 
spline mechanism instead of the ball-screw mechanism. 
[0054] Specifically, helical inner teeth 60 are formed 
on the inner peripheral face of the slider 15, whereas 
helical outerteeth 61 meshed with the inner teeth 60 are 
formed on the outer peripheral face of the output shaft 
14. 

[0055] Thus, when the inner teeth 60 being meshed 
with the outerteeth 61 are moved axially in accordance 
with axial stroke motion of the slider 15, torque is trans- 
ferred to the output shaft 14 through the side faces of 
the teeth 60, 61 to produce the gear ratio to the steering 
angle of the steering handle 1 0 and the turning angle of 
the steered wheel, providing the same effect as that of 
the first embodiment. Moreover, due to no need of high 
machining accuracy of various portions, a reduction in 
manufacturing cost can be achieved. 



[0056] FIGS. 9-12 show a third embodiment of the 
present invention which is substantially the same in 
structure as the first embodiment except that the struc- 
ture of the slider 15 of the converting mechanism 16 is 
5 changed partly, and an adjusting mechanism 70 is ar- 
ranged between the internal thread 45 of the one end 
36a of the slider arm 36 of the drive mechanism 18 and 
the lead screw shaft 35 so as to eliminate backlash 
clearances between thread ridges. 
10 [0057] Specifically, referring to FIGS. 9-10, the slider 
15 with no ball holding holes 31 has an end on the side 
of the slider arm 36 formed with a large-diameter thick 
cylindrical portion 71 to which a holding member 72 
holding the balls 30 therein is axially fixed by bolts 73 
through respective flanges 71 a, 72b for integration with 
the slider 15. 

[0058] As shown in FIG. 10, the holding member 72 
comprises a cylindrical main body 72a, and first and sec- 
ond end caps 72c, 72d arranged at both ends of the 
main body 72a. The holding member 72 has a through 
hole 74 formed in the axial direction of the main body 
72a and end caps 72c, 72d, through which the output 
shaft 14 having outer periphery formed with the ball- 
screw groove 32 is arranged slidably. Moreover, the 
holding member 72 has a holding groove 75 formed on 
the peripheral wall of the main body 72a to hold the balls 
30, and ports 75a, 75b formed through the end caps 72c, 
72d to provide and remove the balls 30 from the holding 
groove 75. 

[0059] Therefore, as mentioned above, when rotation 
of the motor 33 urges the speed reducer 34 to rotate the 
lead screw shaft 35 in one direction moving the slider 
arm 36 rightward from the position shown in FIG. 9 
through the external and internal threads 44, 45, the 
holding member 72 undergoes an axial load. Then, the 
balls 30 roll in the ball-screw groove 32 while receiving 
the axial load, and pass through the holding groove 75. 
And the bal Is 30 are took from the port 75b of the second 
end cap 72d, and are provided to the ball-screw groove 
32 from the port 75a of the first end cap 72c located on 
the opposite side. In such a way, the balls 30 perform 
endless roll motion. 

[0060] This smoothly provides torque of a prescribed 
speed to the output shaft 1 4 in the ball-screw groove 32 
which smoothly rotates at a greater variation than a 
change in steering angle of the steering handle 1 0 in the 
steering direction thereof, thus turning the steered 
wheel at a larger turning angle through the rack/pinion 
mechanism. 

[0061] As shown in FIGS. 9 and 11-12, the adjusting 
mechanism 70 comprises a large-diameter adjusting in- 
ternal thread hole 76 formed at the one end 36a of the 
slider arm 36 at an end of the internal thread 45 on the 
side of the motor 33, a cylindrical adjusting screw mem- 
ber 77 engaged with the internal thread hole 76, and a 
locknut 78 for restricting free rotation of the screw mem- 
ber 77. 

[0062] The adjusting internal thread hole 76 is of the 
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axial length of about half of the axial length of the internal 
thread 45. 

[0063] The adjusting screw member 77 has an exter- 
nal thread 79 formed on the outer peripheral face to be 
engaged with the adjusting internal thread hole 76, and 
an internal thread 80 formed on the inner peripheral face 
to continuously connect with the internal thread 45 and 
engage with the external thread 44 of the lead screw 
shaft 35. 

[0064] The locknut 78 is formed substantially in oval, 
and has an internal thread 82 formed on the inner pe- 
ripheral face to engage with the external thread 79 of 
the adjusting screw member 77. 

[0065] Therefore, in the third embodiment, the con- 
verting mechanism 16 of peculiar structure always al- 
lows smooth transmission of rotation as mentioned 
above . 

[0066] When assembling the one end 36a of the slider 
arm 36 to the lead screw shaft 35 during assembly of 
various components, the locknut 78 is engaged in ad- 
vance with the external thread 79 on the outer periphery 
of the adjusting screw member 77, and the adjusting 
screw member 77 is engaged with the internal thread 
hole 76 of the one end 36a up to a predetermined depth 
through the external thread 79. Then, the adjusting 
screw member 77 is rotated in the reverse direction to 
obtain movement shown by arrow A in FIG. 12. Then, a 
tooth flank 80a of the ridge of the internal thread 80 
comes in contact with an opposing tooth flank 44a of the 
external thread 44 of the lead screw shaft 35 to move 
the lead screw shaft 35 in the same direction by a back- 
lash clearance S. Thus, an opposite-side tooth flank 44b 
of the external thread 44 comes in contact with a tooth 
flank 45a of the internal thread 45. As a result, the back- 
lash clearance S between the internal thread 45 and the 
external thread 44 and the backlash clearance between 
the internal thread 80 and the external thread 44 disap- 
pear from opposite directions. After being rotated at the 
position where such backlash clearances can be elimi- 
nated, the adjusting screw member 77 can be fixed at 
the axially optimum position by tightening the locknut 78. 
[0067] This allows prevention of backlash of the steer- 
ing handle 1 0 in the operating or turning direction from 
occurring due to axial backlash of the slider arm 36 with 
respect to the lead screw shaft 35, which is attributable 
to the backlash clearance S. 

[0068] Specifically, if axial backlash of the slider arm 
36 is produced due to the backlash clearance S, this 
backlash is transmitted to the slider 1 5 through the bear- 
ings 46, 47 to urge to rotate the output shaft 1 4 through 
the holding member 72, balls 30 : and ball holding groove 
32. However, since the output shaft 1 4 cannot rotate due 
to a load from the road surface, that rotation is transmit- 
ted to the input shaft 13 through the slider 15. Finally, 
the backlash phenomenon affects the steering handle 
10, resulting in possible deterioration of the turning op- 
erability of the steering handle 10. 
[0069] In the third embodiment, the backlash clear- 



ance S is effectively eliminated, allowing full prevention 
of deterioration of the turning operability of the steering 
handle 10. 

[0070] Having described the present invention with 
s regard to the preferred embodiments, it is note that the 
present invention is not limited thereto, and various 
changes and modifications can be made without depart- 
ing from the scope of the present invention. By way of 
example, the present invention can be applied to a rack/ 
10 pinion mechanism other than that of the steering col- 
umn. Moreover, the adjusting mechanism 70 is not lim- 
ited to that in the third embodiment, and may be con- 
structed to eliminate the backlash clearance by pressing 
the adjusting screw member in one direction by a spring 
is or the like. 

[0071] The entire teachings of Japanese Patent Ap- 
plication 2000-400620 filed December 28, 2000 and 
Japanese Patent Application 2001-369756 filed De- 
cember 4, 2001 are incorporated hereby by reference. 

20 

Claims 

1 . A steering control apparatus for a motor vehicle, 
25 comprising: 

an output shaft which steers a steered wheel; 
a slider arranged on an outer periphery of an 
end part of the output shaft, the slider being sl- 

30 idable axially linearly; 

a converting mechanism arranged between the 
output shaft and the slider, wherein the convert- 
ing mechanism converts linear motion of the 
slider into rotary motion which is transmitted to 

35 the output shaft; 

a drive mechanism which urges the slider to 
stroke axially; and 

an electronic control unit (ECU) which controls 
the drive mechanism. 

40 

2. The steering control apparatus as claimed in claim 

1 , wherein the converting mechanism includes a 
ball-screw mechanism. 

45 3. The steering control apparatus as claimed in claim 

2, wherein the ball-screw mechanism comprises a 
plurality of holes formed through a peripheral wall 
of the slider for holding a plurality of balls, and a 
groove formed spirally on the outer periphery of the 

50 output shaft for rotating the output shaft in accord- 
ance with rolling of the balls. 

4. The steering control apparatus as claimed in claim 
1 , wherein the drive mechanism comprises a motor, 
55 a speed reducer for reducing a rotating speed of the 
motor, a rotation shaft rotated by the speed reducer, 
and a slider arm interposed between the slider and 
the rotation shaft wherein the slider arm is moved 
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in the axial direction of the rotation shaft in accord- 
ance with rotation of the rotation shaft. 

5. The steering control apparatus as claimed in claim 
1, wherein the ECU controls the drive mechanism 
in accordance with at least one of signals derived 
from a plurality of sensors including a vehicle-speed 
sensor, a steering-angle sensor, and a turning-an- 
gle sensor. 

6. The steering control apparatus as claimed in claim 

1, wherein the converting mechanism includes a 
helical-spline mechanism. 

7. The steering control apparatus as claimed in claim 
6, wherein the helical-spline mechanism comprises 
helical inner teeth formed on an inner periphery of 
the slider, and helical outer teeth formed on the out- 
er periphery of the output shaft and meshed with 
the inner teeth. 

8. The steering control apparatus as claimed in claim 

2, wherein the ball-screw mechanism comprises a 
holding member integrally formed with an end of the 
slider for axially movably holding a plurality of balls 
therein, and a groove formed spirally on the outer 
periphery of the output shaft for rotating the output 
shaft in accordance with rolling of the balls. 

9. The steering control apparatus as claimed in claim 

8, wherein the holding member comprises a cylin- 
drical main body and end caps arranged at both 
ends of the main body. 

10. The steering control apparatus as claimed in claim 

9, wherein the holding member has a through hole 
formed in the axial direction of the main body and 
end caps for slidably receiving the output shaft, a 
holding groove formed on a peripheral wall of the 
main body for holding the balls, and a plurality of 
ports formed through the end caps for providing and 
removing the balls from the holding groove. 

11. The steering control apparatus as claimed in claim 

10, further comprising an adjusting mechanism ar- 
ranged between the rotation shaft and an end of a 
slider arm of the drive mechanism, the adjusting 
mechanism eliminating backlash clearances be- 
tween an external thread formed on the outer pe- 
riphery of the rotation shaft and an internal thread 
formed at the end of the slider arm and meshed with 
the external thread. 

12. The steering control apparatus as claimed in claim 

11 , wherein the adjusting mechanism comprises a 
large-diameter internal thread hole formed at the 
end of the slider arm, a cylindrical screw member 
engaged with the internal thread hole, and a locknut 



for restricting rotation of the screw member. 

13. The steering control apparatus as claimed in claim 

12, wherein the screw member comprises an exter- 
5 nal thread formed on its outer periphery and en- 
gaged with the internal thread hole, and an internal 
thread formed on its inner periphery and continu- 
ously connecting with the internal thread of the end 
of the slider arm and engaged with the external 

10 thread of the rotation shaft. 

14. The steering control apparatus as claimed in claim 

13, wherein the locknut is formed substantially in 
oval, and comprises an internal thread formed on 

15 its inner periphery and engaged with the external 

thread of the screw member. 

15. A steering control apparatus for a motor vehicle, 
comprising: 



20 



25 



30 



35 



an input shaft rotated by a steering handle; 
an output shaft arranged substantially coaxial 
with the input shaft, the output shaft steering a 
steered wheel; 

a slider arranged on an outer periphery of an 
end pat of the output shaft on the side of the 
input shaft and at an end of the input shaft on 
the side of the output shaft, the slider being sl- 
idable axially linearly; 

a converting mechanism arranged between the 
end of the output shaft and the slider wherein 
the converting mechanism converts linear mo- 
tion of the slider into rotary motion which is 
transmitted to the output shaft; 
a drive mechanism which urges the slider to 
stroke axially; and 

an electronic control unit (ECU) which controls 
the drive mechanism. 



to 16. The steering control apparatus as claimed in claim 
15, wherein the converting mechanism includes a 
ball-screw mechanism. 

17. The steering control apparatus as claimed in claim 
4 $ 1 6, wherein the ball-screw mechanism comprises a 

plurality of holes formed through a peripheral wall 
of the slider for holding a plurality of balls, and a 
groove formed spirally on the outer periphery of the 
output shaft for rotating the output shaft in accord- 
50 ance with rolling of the balls. 

18. The steering control apparatus as claimed in claim 
15, wherein the drive mechanism comprises a mo- 
tor, a speed reducer for reducing a rotating speed 

55 of the motor, a rotation shaft rotated by the speed 
reducer, and a slider arm interposed between the 
slider and the rotation shaft wherein the slider arm 
is moved in the axial direction of the rotation shaft 
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in accordance with rotation of the rotation shaft. 

19. The steering control apparatus as claimed in claim 
15, wherein the ECU controls the drive mechanism 
in accordance with at least one of signals derived 
from a plurality of sensors including a vehicle-speed 
sensor, a steering-angle sensor, and a turning-an- 
gle sensor. 

20. The steering control apparatus as claimed in claim 

15, wherein the converting mechanism includes a 
helical-spline mechanism. 

21. The steering control apparatus as claimed in claim 
20, wherein the helical-spline mechanism compris- 
es helical inner teeth formed on an inner periphery 
of the slider, and helical outer teeth formed on the 
outer periphery of the output shaft and meshed with 
the inner teeth. 

22. The steering control apparatus as claimed in claim 

1 6, wherein the ball-screw mechanism comprises a 
holding member integrally formed with an end of the 
slider for axially movably holding a plurality of balls 
therein, and a groove formed spirally on the outer 
periphery of the output shaft for rotating the output 
shaft in accordance with rolling of the balls. 

23. The steering control apparatus as claimed in claim 

22, wherein the holding member comprises a cylin- 
drical main body and end caps arranged at both 
ends of the main body. 

24. The steering control apparatus as claimed in claim 

23, wherein the holding member has a through hole 
formed in the axial direction of the main body and 
end caps for slidably receiving the output shaft, a 
holding groove formed on a peripheral wall of the 
main body for holding the balls, and a plurality of 
ports formed through the end caps for providing and 
removing the balls from the holding groove. 

25. The steering control apparatus as claimed in claim 

24, further comprising an adjusting mechanism ar- 
ranged between the rotation shaft and an end of a 
slider arm of the drive mechanism, the adjusting 
mechanism eliminating backlash clearances be- 
tween an external thread formed on the outer pe- 
riphery of the rotation shaft and an internal thread 
formed at the end of the slider arm and meshed with 
the external thread. 

26. The steering control apparatus as claimed in claim 

25, wherein the adjusting mechanism comprises a 
large-diameter interna! thread hole formed at the 
end of the slider arm, a cylindrical screw member 
engaged with the internal thread hole, and a locknut 
for restricting rotation of the screw member. 



14 

27. The steering control apparatus as claimed in claim 

26, wherein the screw member comprises an exter- 
nal thread formed on its outer periphery and en- 
gaged with the internal thread hole, and an internal 

5 thread formed on its inner periphery and continu- 

ously connecting with the internal thread of the end 
of the slider arm and engaged with the external 
thread of the rotation shaft. 

io 28. The steering control apparatus as claimed in claim 

27, wherein the locknut is formed substantially in 
oval, and comprises an internal thread formed on 
its inner periphery and engaged with the external 
thread of the screw member. 
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